We carried out a prospective study of 118 hydroxyapatite-coated, cementless total knee replacements in patients who were ≤ ≤ ≤ ≤ 55 years of age and who had primary ( Cementless total knee replacement can achieve excellent long-term results in young, active patients with osteoarthritis. In contrast to total hip replacement, polyethylene wear, osteolysis and loosening of the prosthesis were not major problems for these patients, although it is possible that this observation could change with longer periods of follow-up.
Over the past 25 years, total knee replacement (TKR) has become a successful procedure for the relief of pain, correction of deformity, and restoration of function in arthritic knees in elderly patients. 1, 2 Advances in technology and design have enabled more predictable results and these advances, together with the creation of longer-lasting materials, 3 have made TKR both a predictable and a durable procedure in the elderly. 4, 5 Encouraged by these successes, patients are increasingly requesting TKR at a younger age for degenerative or post-traumatic osteoarthritis (OA). However, the surgical treatment of OA of the knee in younger patients has always been challenging and controversial. 5 Although the results of TKR for older patients are well documented, the data for younger and active patients remains sparse. 6 Only a few studies have evaluated TKR in a young patient population, and the majority of the pre-operative diagnoses in these studies was not OA but rheumatoid arthritis (RA), juvenile RA or other inflammatory arthritides. [7] [8] [9] The results of cemented TKR in young patients are generally satisfactory, 5, [7] [8] [9] [10] [11] [12] but there is concern about osteolysis and loosening because of wear debris generated over many years. 3, 13 This has led to the increased use of cementless fixation in TKR. However, as far as we are aware, there is no published long-term study of cementless TKR in young, active patients with exclusively primary or post-traumatic OA.
We have previously reported the mediumterm follow-up of cementless TKR in a consecutive series of 1000 patients. 14 Although the results were excellent in the older population, with a mean age of 68 years (34 to 93), the outcome in young, active patients was not specifically analysed. The purpose of this study was to determine the results of cementless TKR for primary OA or post-traumatic arthritis in patients ≤ 55 years of age at the time of surgery, and to compare the success rate with that in older patients. The study also evaluated whether clinical and radiological results deteriorated with time, as has been reported with total hip replacement (THR) in the younger patient group.
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Materials and Methods
Between December 1992 and June 2000, all patients who were ≤ 55 years of age at the time of undergoing primary TKR were reviewed. Patients who had rheumatoid, haemophiliac or other inflammatory arthropathies were excluded from the study. The diagnosis was primary OA in 92 knees (78%) and posttraumatic OA in 26 (22%). All the operations were performed by the senior author (MJC).
The operative technique and post-operative protocols were identical for all patients.
All knee replacements were performed using an hydroxyapatite (HA)-coated, posterior cruciate ligamentretaining stemless prosthesis, the Active (DJ Ortho, Sydney, Australia). The decision as to whether to resurface the patella, using a cemented all-polyethylene component, was taken during the operation.
The main indication for surgery was pain and the failure of medical management to allow the patient to perform activities of daily living. Simultaneous bilateral TKR was performed when both knees were arthritic and sufficiently symptomatic, provided that there were no medical contraindications and if the patient agreed. A unilateral TKR was performed when one knee was severely symptomatic but the patient could tolerate lesser symptoms from the contralateral knee. Clinical evaluation. Patient assessment was undertaken preand post-operatively at three months, one year, two years, five years and ten years after operation using a clinical knee score based on The Knee Society clinical rating system. 16 All the clinical and functional assessments for the study were analysed by a specialist arthroplasty fellow and not by the operating surgeon. Radiological evaluation. Weight-bearing anteroposterior, lateral and skyline radiographs were taken routinely at five and ten years and examined by a radiologist to check for evidence of loosening. Any radiolucent lines were compared with those on previous radiographs to determine whether there was evidence of progression, indicating possible loosening, or whether they were stable and nonprogressive. Radiographs were also examined for evidence of symmetry or changes in the thickness of the polyethylene, suggestive of wear or fracture of the component. Any radiographic change in the position or alignment of the component was also noted. Radiographic failure was defined as a complete radiolucent line greater than 1 mm in all zones, or a change in implant position.
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Long-term survival. Survival analysis was performed with Kaplan-Meier survivorship curves. 18 Failure was defined as revision of the femoral, tibial or patellar component for any reason. This included surgery for septic or aseptic loosening, instability, and fracture of the tibia, femur and/or patella. Polyethylene exchange for wear was not considered a failure because this was not a result of loss of fixation.
Results
During the study period, 119 TKRs were performed on 82 patients. Only one patient (one knee) was lost to follow-up. All of the remaining patients were alive at the time of the last follow-up. Thus, follow-up and survival information was available for 118 knees in 81 patients. The mean follow-up time was 7.9 years (5 to 12.5).
The mean age at the time of surgery was 50.7 years (32 to 55). There were 43 men (53%) and 38 women. There were 58 left and 60 right knees. A total of 29 patients had simultaneous bilateral TKRs (35.8%) and eight had staged bilateral TKR (9.9%). Five additional patients had the contralateral knee replaced after the age of 55 and another three had the contralateral knee replaced at or before 55 years, but have fewer than five years' follow-up data. The follow-up dates of the contralateral knees in these two groups are excluded from the study. The mean length of time for staged TKR was 25 months (3 to 65).
Patellar resurfacing was performed in 43 (36.4%) knees using the all-polyethylene component inserted with cement, and another seven knees had patellaplasty. The mean thickness of the meniscal polyethylene insert was 7.5 mm (6 to 11.5), with 21 (17.8%) of the inserts being at least 9.5 mm thick. The mean tourniquet time was 51 minutes (46 to 92).
Nine knees in nine patients (11.1%) had undergone previous bony knee surgery: eight had undergone a high tibial osteotomy and one a distal femoral osteotomy.
The mean Knee Society clinical score improved from 98 (0 to 137) pre-operatively to 185 (135 to 200) at five years and to 173 (137 to 200) at ten years. The mean pre-operative range of movement was 106˚ (5˚ to 111˚); this increased to 113˚ (0˚ to 113˚) and 109˚ (0˚ to 109˚) at five and ten years' follow-up, respectively (Table I) . There was no significant difference between the scores of patients with bilateral TKRs and those with unilateral TKR.
Of the 118 knees, 13 were operated when the patients were < 45 years old. This subgroup showed no significant difference in terms of mean clinical score and mean range of movement. None had failed at the latest follow-up, and the mean follow-up was 7.9 years (5.3 to 11.2), which is similar to that for the overall study group. Only two patients in the subgroup required further surgery, one for patellar Table II . There was no statistical correlation between previous knee operations and the need for further surgery, including manipulation. Complications of surgery. Three knees (2.5%) developed a superficial wound infection within one month of surgery; all resolved with antibiotics without any sequelae. Other medical complications are detailed in Table III . Patients with deep-vein thrombosis were treated with warfarin for six months. There was no dislocation or nerve palsy in any of the patients. Revision surgery. In two patients the tibial components subsided and showed evidence of aseptic loosening after five and seven years, respectively. One had undergone a previous high tibial osteotomy, the other had bilateral simultaneous TKRs and the contralateral TKR showed no evidence of loosening after seven years. Another patient who did not have the patella resurfaced showed radiological wear of polyethylene after ten years, as well as evidence of patellofemoral OA. A further operation on this patient confirmed polyethylene wear without loosening of the tibial femoral components. All three patients complained of pain and decreasing mobility for a mean of five months (3.5 to 7.2) before revision surgery. After the revision surgery, performed a mean of four years (2.9 to 6.1) before the latest follow-up, all had clinical scores well above the mean. The clinical scores after revision surgery, however, were not included in the study.
No other patients showed progressive loosening or osteolysis at either five-or ten-year follow-up. Specifically, no changes were noted in the alignment or position of the components and there was no radiological evidence of failure. Also, excluding the components which were revised, there was no gross evidence of thinning or asymmetry consistent with wear of the polyethylene, or failure of the tibial spacer or the patellar component. Long-term survival. With failure defined as revision of any component, tibial, femoral or patellar, the survival rate was 97.5% at ten years (95% confidence interval (CI) 89.8 to 99.9) (Fig. 1) . When any operation to alter a component (including exchange of a polyethylene spacer because of wear) was included, the survival rate at ten years was 92.1% (95% CI 82.3 to 97.3) (Fig. 2) . At 12 years the survival rate was 97.5% (95% CI 76 to 100) because of failure 
Discussion
Concerns about potential loosening and the need for multiple revisions have discouraged the wider indications for TKR in younger patients who have OA. 10 Indeed, it has been suggested that TKR should generally be avoided in patients under 60 years of age. 19 With improvements in surgical technique and materials, and growing surgical confidence because of the increased survival of knee implants, younger, more active patients are being offered the procedure. 7 Increasingly, patients are looking not only for an end to pain but also for increased function. 20 These expectations, along with increasing life expectancies, place increasing demands on surgeons and the prostheses implanted.
However, TKR in patients who are aged in their 40s and 50s has different implications from those in older patients. The activities of daily living in younger patients place higher stresses on the implants and on their fixation to bone. To date, good to excellent short-to medium-term results have been reported with cemented TKR in patients aged 55 years or younger. [7] [8] [9] 11, 12 Although these studies suggest that cemented TKR in the young may be more durable than was once thought, it is noteworthy that the majority of young patients in these studies had either RA or juvenile RA (30% to 87%). In general, they have lower expectations of, and place fewer demands on their prostheses than patients of a similar age with OA. 3 Moreover, the size of some studies did not permit comment on whether TKR should be considered as an alternative to osteotomy. 3, 5, 12 Although Stern et al 5 and Diduch et al 10 demonstrated that cemented TKRs could achieve satisfactory results in young patients with OA, there are nevertheless some concerns, including the increased exposure time to cement, with its potential problems such as an increased rate of osteolysis and loosening when considering the need for revision surgery, which is of great importance in the younger patient. 8 As a result, various authors have advocated the use of cementless TKR, especially for younger and more active patients. 3, 6 We believe that this study is the largest series of young patients with primary or post-traumatic OA who have undergone cementless TKR. The overall results of cementless TKR with a mean 7.9 year follow-up period achieving either good or excellent knee scores are encouraging. We are unaware of any long-term study which has demonstrated a survival rate for the femoral, tibial and patellar components of a cementless TKR in a similar age group which has approached the 97.5% at 12.5 years which we report here. Significantly, the results are also comparable with those obtained in published reports on cemented TKR in young and older patients with OA, or for cementless TKR in older patients.
1,2,4,5,10,21 Another advantage of cementless TKR is the reduced operating time; the mean tourniquet time in this study being 51 minutes (46 to 92).
Although it is commonly assumed that higher rates of failure can be anticipated in younger patients, owing to their increased activity levels, we found that the small subgroup of our patients who were aged ≤ 45 years at the time of surgery showed no increased risk of complications or prosthetic failure. Future studies should assess this in a larger group of patients and perhaps correlate any Years Survival rate (%) Fig. 1 The 12-year Kaplan-Meier survival curves, with revision of either the femoral, tibial or patellar component as the end-point. The I-bar indicates the 95% confidence interval. Fig. 2 The 12-year Kaplan-Meier survival curves with any revision surgery, including exchange of polyethylene spacer as the end-point. The I-bar indicates the 95% confidence interval. increased risk with the activity level of the patients, in terms of both work and recreation. Several factors may have contributed to the excellent survival rate of the prosthesis in the young, active patients in our study. First, approximately half of the polyethylene spacers we inserted were at least 7.5 mm thick and conformed well with the femoral component. Wright and Bartel 22 demonstrated that surface damage on polyethylene inserts was more severe in thin (< 6 mm) components. Secondly, the relatively conforming geometry of the articulating surfaces of the prosthesis helps to reduce contact stresses and may reduce polyethylene wear, especially when compared with flat-on-flat designs. 13 Thirdly, whereas cement has been shown to be a source of third-body wear which can accelerate polyethylene wear, the HA-coated femoral and tibial components encourage bone ingrowth and reduce the incidence of aseptic loosening. 23 Initial fixation is also helped by the use of four-screw fixation and the wide range of ten sizes of tibial base plate, thus ensuring maximal circumferential cortical support and optimal load transfer.
Interestingly, our study showed that there was a significant improvement in the functional component of the clinical rating after surgery in young active patients. In contrast, various studies in the elderly population (over 75 years of age) or patients with RA or juvenile RA, have shown that, although improvement is expected in both components of the clinical score, they do not score as well functionally. 2, 12 This suggests that in young patients with OA, the diseased knee is the main limitation of their function in activities of daily living, and any treatment which addresses the problem will result in a significant improvement in functional outcome. The decrease in the clinical rating at ten years' follow-up is more pronounced in patient function rather than in knee scores, and this is probably because of increasing co-existent conditions which limit mobility. This is further supported by the lack of any radiological evidence of deterioration of the knee prosthesis with increased postoperative follow-up time. This suggests that, unlike total hip replacement (THR), the results of TKR in young, active patients do not seem to deteriorate with time.
Many young patients are keen to return to sports and other physically-demanding activities. In a previous study with this prosthesis it was found that as many as 77% of patients who had engaged in regular sports activity in the year before surgery returned to sports after TKR. 20 Despite our progressively improving knowledge of sports activity in patients with joint replacements, there is considerable debate about the long-term effects of such activity on prosthesis wear, loosening, and revision rates. Some authors have found the risk of loosening to be lower in patients with THR who returned to sports. 24 It is possible that sporting activity actually has a protective effect on the bone-implant interface by encouraging bone regrowth as long as the stress is below an as-yet unidentified threshold. 24 We found no significant difference in clinical outcome between those patients with bilateral and those with unilateral TKR. Interestingly, in a study carried out in this Institute, it was found that there was a better level of return to sports in patients who had undergone bilateral procedures than for those with unilateral replacement. 20 One possible explanation is that, although patients with unilateral TKR may tolerate the milder, contralateral knee symptoms before surgery, after TKR the contralateral knee pain becomes more obvious and becomes the main limitation to returning to sport. Although there was no significant difference in complication rate leading to further surgery between the bilateral and unilateral groups, an increase in complication rate in the bilateral group has been reported. 2, 25 It is, however, interesting to note that the risk of complications is less than that reported in patients over 75 years of age who had bilateral TKR performed in this centre. 2 The rate of patellar resurfacing in this study is low (41%), even after taking into account the subsequent patellar replacements. The decision to resurface the patella was at the discretion of the surgeon. No patient required revision of the patellar component for any reason during the follow-up period.
TKR in the younger patient has hitherto held an uncertain place, owing to lack of recognition that the results in these younger patients are more durable than those of THR, evaluated by either conventional or survival methods. 9 The present study shows the reliability and durability of cementless fixation in TKR for these patients. We believe that cementless TKR is an acceptable option for younger, active patients who have significant OA which has not responded to conservative treatment, although we realise that a longer follow-up could alter our conclusions. The good results, notwithstanding common sense suggests that, until additional information is available, TKR in younger patients should continue to be considered with caution, and that after-surgery activities which involve impact should be avoided. For some younger patients the deferment of definitive surgery may be the best option.
